Background and questions: How forest vegetation responds to disturbance continues
| INTRODUC TI ON
In managed forests of the temperate zone, anthropogenic disturbances such as forest management have been identified as a major driving force controlling both the taxonomic and functional composition of forest understory vegetation (Decocq et al., 2005; Duguid & Ashton, 2013) . The creation of canopy gaps as a result of overstory removal affects understory abundance and composition by increasing resource availability and heterogeneity (light, soil moisture, nutrients) and by initially changing the local environment and biotic interactions after disturbance (Burton, Mladenoff, Forrester, & Clayton, 2014; Zenner, Kabrick, Jensen, Peck, & Grabner, 2006) . Such changes depend largely on disturbance intensity (Jalonen & Vanha-Majamaa, 2001 ) and the degree to which plant community composition persists or changes after disturbance depends on the balance between local extirpation and colonization by new species (Belote, Jones, & Wieboldt, 2012) . A better understanding of how different felling intensities impact understory assemblages remains an interesting challenge, as this forest stratum represents the majority of plant species diversity in many forest communities (Gilliam, 2007; Whigham, 2004) .
Many studies have investigated the effects of forest management on understory vegetation (e.g., Duguid & Ashton, 2013; Förster, Becker, Gerlach, Meesenburg, & Leuschner, 2017; Kutnar, Eler, & Marinšek, 2015) . However, there has been a lack of consistency in findings, suggesting a system-specific nature of forest vegetation responses (Kutnar, Marinšek, & Giancola, 2016; Pykälä, 2004) .
Furthermore, there have been relatively few well-designed studies with experimentally controlled felling. Direct comparisons of different silvicultural treatments in combination with a temporal (beforeafter) and spatial (control-treatment) control are scarce (Heinrichs & Schmidt, 2009 ).
When investigating the effects of silvicultural treatments on understory dynamics, an important task is to distinguish between community-level and species-level responses. It is widely accepted that plant species mostly respond individualistically to felling disturbance (Burton et al., 2014; Schumann, White, & Witham, 2003) .
The disturbance-induced reduction of canopy cover increases opportunities for new species to colonize plant communities (Burke, Elliott, Holmes, & Bradley, 2008; Degen, Devillez, & Jacquemart, 2005) . Certain species require disturbance, or a particular level of disturbance, to persist in the forested landscape (Ton & Krawchuk, 2016) . For instance, canopy gaps promote the establishment of many light-demanding species that are unable to grow under the closed canopy of mature stands. Additionally, the removal of overstory trees gives some species, often referred to as "gap specialists," the chance to occupy disturbed sites (Naaf & Wulf, 2007) .
Such disturbance-response relationships can lead to increases in species diversity.
However, a large proportion of disturbed areas and canopy gaps in the forest matrix have the potential to decrease overall plant diversity. Disturbances may lead to the decline or elimination of some late-successional forest species that evolved strategies (e.g., shade tolerance) to persist in environments with limited resources beneath intact canopy (Kelemen, Mihók, Gálhidy, & Standovár, 2012) .
In terms of sustainable forestry, there is considerable interest in minimizing the impact of tree felling on understory communities, especially in forests where biodiversity conservation is an important management goal (e.g., Natura 2000 areas) (Godefroid, Rucquoij, & Koedam, 2005; Kovač, Kutnar, & Hladnik, 2016) . The idea of "ancient" (true) forest plant species (sensu Hermy, Honnay, Firbank, Grashof-Bokdam, & Lawesson, 1999; Decocq et al., 2004) presumes that many forest herbs are sensitive to sudden environmental changes caused by intense forest felling and the resulting harsh conditions (e.g., direct solar radiation, increased competition with plants with a higher stature) in canopy gaps (Falk, Burke, Elliott, & Holmes, 2008; Roberts & Zhu, 2002) . Limited dispersal ability and the lack of seed banks, but higher shade stress-tolerance, are their main ecological characteristics (Decocq et al., 2005; Whigham, 2004) . The response of forest-dependent understory species to management disturbances needs to be evaluated, since the effects of overstory removal on these plants are expected to be forest type-specific (Brunet, Falkengren-Grerup, & Tyler, 1996) .
Many ecologists have suggested focusing on species traits rather than taxonomic differences when analysing plant community responses to canopy gaps in forests. The concept of plant functional types (PFTs) suggests that species can be grouped according to shared biological characteristics related to their similar responses to disturbance or their adaptations to environmental constraints (Lavorel & Garnier, 2002) . Consequently, different PFTs would show divergent responses to felling disturbance due to differences in dispersal ability, competitiveness and light-stress tolerance (Decocq et al., 2004) . For example, sufficient canopy cover reduction will likely result in a higher abundance of early-successional, shadeintolerant species with a shorter life span (Burton et al., 2014) .
Compositional changes after felling disturbance usually favour certain plant growth forms (e.g., graminoids, non-forest herbs), whereas others (e.g., ferns, forest-dependent herbs) are expected to decline Jalonen & Vanha-Majamaa, 2001) .
In this study, we examined the extent to which changes in species composition are related to felling intensity. We assessed the initial response of understory plant communities to three felling intensities: a control treatment without felling, a 50% felling where half of the growing stock was evenly removed (dispersed retention) and a 100% felling treatment where all overstory trees were removed. The objectives of this study were to (a) identify indicator species associated with variations in felling intensity, (b) determine how felling treatments affect species composition shortly after disturbance, (c) quantify the differences in abundance of PFTs along the disturbance gradient and (d) estimate the persistence of typical forest species in the conditions induced by different felling intensities.
Our prediction was that the general direction of compositional change would be, in comparison to the control, similar regardless of felling intensity, but the degree of compositional shift would be
much larger in more intensively felled stands. We also hypothesized that, in a short period, typical forest species would substantially decline and perhaps not persist in the altered conditions caused by more intensive felling. This is likely related to their inferior resource acquisition in disturbed habitats and low competitiveness in comparison to newly colonizing species adapted to post-disturbance conditions. (Erdős, Bátori, Tölgyesi, & Kevey, 2017; European Commission DG Environment 2013; Horvat, 1963; Linnell, Kaltenborn, Bredin, & Gjershaug, 2016; Marinček et al., 1993; Marinšek, Šilc, & Čarni, 2013; Török, Podani, & Borhidi, 1989; Tzonev et al., 2006; Višnjić et al., 2009; Wallnöfer, Mucina, & Grass, 1993; Willner et al., 2017) (Figure 1a ). Our study sites are positioned in the optimum of this habitat type (Horvat, 1963) Kovač et al., 2016) . In this part of Europe, in the northwestern Dinaric Mountains, the diversity of beech forest species is one of the highest, and forest communities are also characterized by the presence of Illyrian floristic elements (Willner, Di Pietro, & Bergmeier, 2009) .
| MATERIAL S AND ME THODS

| Study area and experimental design
A study area of circa 70 ha was preselected at each forest site.
To account for the fact that the topographic, soil and microclimate conditions of the karst landscape where the research was conducted are highly diverse and variable over small spatial scales, the sampling objects were all located within karst depressions (sinkholes). Nine sinkholes were randomly selected at each forest site ( Figure 2 (Kutnar et al., 2015) .
Three different silvicultural treatments were implemented in the selected plots in 2012 to test forest plant community responses to felling intensity. One third of all plots (three plots per site, nine altogether) were assigned to each treatment: (a) control -no felling performed (unfelled plots); (b) 50% felling -half of the growing stock removed (partially felled plots); and (c) 100%
felling -creating canopy gaps by entirely removing the growing stock (clear-felled plots). In the 50% felled plots, residual trees were distributed homogeneously in the plot area, creating a uniform spatial pattern of overstory retention. The same sampling design was used at each forest site; i.e., the treatments were evenly distributed among the three forest sites ( Figure 2 ). There were were recorded. Species abundance was determined by visual estimation, using a modification of Barkman's method (Barkman, Doing, & Segal, 1964; Canullo et al., 2011) . The scaled cover classes, expressed as class ranges, were: r (0%-0.02%, 1-2 specimens/plot), + (0.02%-1.0%, 3-20 specimens/plot), 1 (1.0%-3.0%, 20-100 specimens/plot), 2m (3.0-5.0%, >100 specimens/plot), 2a (5.0%-12.5%), 2b (12.5%-25.0%), 3 (25.0%-50.0%), 4 (50.0%-75.0%) and 5 (75.0%-100.0%). Plant species nomenclature followed Mala Flora Slovenije (Martinčič et al., 2007) and Flora Europaea (Tutin et al., 1964 (Tutin et al., -1980 (Tutin et al., , 1993 .
| Indicator species analysis and multivariate ordination method
The aim of indicator species analysis (ISA) is to detect patterns of associations between individual species and pre-defined groups of sampling units (Dufrêne & Legendre, 1997) . We were inter- A (specificity) and B (fidelity) (Chandler et al., 2017) . Specificity is the degree to which a species is found only in a given group, whereas fidelity expresses the rate of the species' faithfulness of occurrence within the group (De Cáceres & Legendre, 2009; Legendre, 2013) .
In our analysis, groups of sampling units were defined by crossing the felling intensity factor (control [CON] , 50% felling and 100% felling) and the sampling period (1 = before and 2 = after the treatments). This resulted in six individual groups (each represented by nine relevés): three pre-treatment groups (CON-1, 50%-1, 100%-1) and three post-treatment groups (CON-2, 50%-2 and 100%-2). In order to improve the original ISA (De Cáceres, Legendre, & Moretti, 2010) , four group combinations were specified for the pre-treatment groups: 1.
CON-1 + 50%-1, 2. CON-1 + 100%-1, 3. 50%-1 + 100%-1 and 4.
CON-1 + 50%-1 + 100%-1. These relevant combinations were included in the analysis since plots belonging to pre-treatment groups were compositionally homogeneous. The statistical significance of IndVal was evaluated by a Monte Carlo randomization test, using 999 permutations and a significance level of α ≤ 0.05.
Species with IndVal >50 were considered as strong indicators (Chandler et al., 2017) .
To illustrate the differences in overall community composition between different felling treatments, a Detrended Correspondence Analysis (DCA; Hill & Gauch, 1980) was conducted by using species abundance data. Permutational multivariate analysis of variance (PERMANOVA; Anderson, 2001 ) was used to test for differences in community composition between felling intensities and between sampling periods. The positions of strong indicator species were F I G U R E 2 Schematic display of sampling design. At each forest site (Trnovo, Kočevski Rog, Snežnik), nine sampling plots (circles, 1-9) were selected, comprising a total of 27 plots. Plots were assigned to three different treatments (felling intensities): control -no felling (black circles, 1-3); 50% felling (grey circles, 4-6); and 100% felling (white circles, 7-9)
fitted onto an ordination diagram to present their preference for a particular treatment. Additionally, to describe the relationship between felling treatments and functional groupings, PFTs with a statistically significant response (p < 0.05) were added onto the ordination space as a vector overlay.
| Functional classification of species into plant functional types
Each species, recorded in either the herb or the shrub layer, was classified into one of the following PFTs: graminoids, legumes, annual/biennial forbs, low/medium perennial forbs, tall perennial forbs, ferns and woody plants. PFTs were derived from the subjective classification approach (Aubin, Gachet, Messier, & Bouchard, 2007; Gitay & Noble, 1997) . A hierarchical scheme including four plant functional characteristics was used. To begin, species were divided according to their growth form into graminoids (grasses, sedges, rushes), forbs, ferns and woody plants (shrub and tree species). Secondly, the forbs were additionally partitioned into legumes (species in the Fabaceae family) and non-legumes. The latter were further split according to their life span into annual/biennial forbs and perennial forbs. Finally, tall perennial forbs and low/medium perennial forbs were distinguished in the category of perennials, based on their overall stature (plant height, presence of rosette leaves, stem leafiness). We used these plant features because they are relevant for detecting species' responses to disturbance (Cornelissen et al., 2003; Degen et al., 2005) . Information on species' properties (life span) was obtained from Martinčič et al. (2007) ; others were determined using expert-based botanical knowledge.
To quantify the differences in the abundances of PFTs along the disturbance gradient, the plot-level percentage cover of each PFT was calculated by summing the abundances of all species belonging to a particular PFT. The mean cover of each PFT represents geometric mean values across plots within the same felling treatment. To control for pre-treatment differences among plots, abundances were standardized for each PFT. Pre-treatment cover values were subtracted from post-treatment values to calculate differences at the plot scale, which were then averaged by felling treatment. These differences in cover (post-treatment minus pre-treatment) represent percentage-point changes.
For each PFT, we tested whether the differences significantly differed among treatments using the Kruskal-Wallis rank sum test (Legendre & Legendre, 1998) .
| Selection of typical forest plant species
Typical forest plant species were selected based on the reference list of characteristic understory species for European beech forests (Willner et al., 2009) . Species on this reference list and species that were recorded in our plots were selected. Our final list of typical forest species comprised 52 species (Supporting Information Appendix S2). The responses of these species were analysed by comparing their frequencies before and after felling, separately for each treatment (control, 50% felling, 100% felling). In addition, rank-abundance curves (Magurran, 2004) were constructed by using species abundance data to examine the changes in cover for selected typical forest species.
All statistical analyses were performed in the R programming language (R Core Team 2016), with the indicspecies (for ISA; De Cáceres, 2013), vegan (for DCA and PERMANOVA; Oksanen et al., 2017) and BiodiversityR (for rank-abundance curves; Kindt, 2017) packages.
| RE SULTS
| Indicator species analysis and changes in species composition
In a total of 54 relevés, 251 vascular plant species were found. Strong indicators for 50% and 100% felling are listed in Table 1 treatments prominently shifted species composition and increased between-plot variability. Significant differences in species composition among post-treatment groups (i.e., CON-2, 50%-2 and 100%-2) were observed (F = 3.06, p < 0.001). The change in understory species composition was most evident in the 100% felled plots (F = 6.14, p < 0.001), marginally significant in the 50% felled plots 
| Differences in the abundance of plant functional types along the felling intensity gradient
The plant taxa observed in all plots in both sampling periods were functionally classified as follows: 32 graminoids, 16 legumes, 29 annual/biennial forbs, 93 low/medium perennial forbs, 19 tall perennial forbs, 22 ferns and 40 woody plants. In the control plots, no significant changes in abundances of PFTs were observed (Figure 4 ).
There were significant differences in the percentage-point changes in the treated plots for graminoids, tall perennial forbs, annual/ biennial forbs, legumes and woody plants. Graminoids and tall perennial forbs progressively increased in cover across the felling intensity gradient. Legume cover increased significantly in the 100% felled plots, but not in the 50% felled plots. The absolute abundance of legume species was very low compared to other PFTs, although their relative change was the highest (33-fold increase in the 100% felling). The cover of annual/biennial forbs increased significantly in both active treatments (Figure 4 ). Low/medium perennial forbs had the highest mean cover among PFTs, but their increase in felled plots was insignificant, which can be attributed to high variation in the response of this PFT (i.e., large standard error). The pattern of change across felling treatments was weak and non-significant for fern species. The cover of woody species (shrubs and trees in the understory) increased significantly in the 50% felling treatment, but TA B L E 1 List of significant indicator species for 50% felling (n = 1) and 100% felling (n = 20) 
| The response of typical forest plant species
Changes in frequency of typical forest species were most pronounced in the 100% felled plots ( Figure 5 ). For this treatment, both increases and decreases in species' frequencies were detected, but most of the typical forest species experienced an increase in frequency. In 50% felling, many forest species exhibited an increase in frequency. In the control plots, no substantial change in the frequency of the selected species was observed ( Figure 5 ).
In general, typical forest species increased in abundance after the silvicultural treatments ( Figure 6 ). Their cover remained at the pre-treatment level where no felling was implemented (control plots). In the 50% felled plots, a positive response in the abundance of forest species was detected, especially for higher ranked (i.e., less abundant) species. Similar responses can be seen for the 100% felled plots where the post-treatment rank-abundance curve is constantly higher than the pre-treatment curve. Moreover, in 50% and 100%
felling, a slight shift of the rank-abundance curves to the right is apparent, indicating that forest species increased in occurrence after the felling disturbance. Maximum abundances in the 100% felled plots were also higher compared to the control and 50% felled plots ( Figure 6 ).
| D ISCUSS I ON
Our experimental study provides evidence that overstory removal strongly impacts understory vegetation in Illyrian beech forests. The results illustrated the significant separation of felling treatments based on species composition. These post-treatment compositional shifts were primarily driven by a suite of new non-forest indicator species, which showed a strong association with clear-felled plots.
We also found differences in the relative importance of PFTs along the felling disturbance gradient. Generally, typical forest understory species did not show the predicted decline in frequency and abundance shortly after the disturbance, implying their near-term persistence.
F I G U R E 6
Changes in the abundances of typical forest plant species, based on rank-abundance curves before and after the treatments (control, 50% felling, 100% felling). In the bottom-right panel, curves for post-treatment groups are presented (control = CON-2, 50% felling = 50%-2, 100% felling = 100%-2). Note the logarithmic scale of the species-percentage cover (y-axis) KERMAVNAR Et Al.
| Species preferences for individual felling treatments
A set of plant species clearly showed a preference for the 100% felling intensity. The relatively high number of indicator species identified for clear-felled plots was due to the many new colonizers that occupied the understory communities after felling. Previous studies have shown that early-successional colonizers of canopy gaps are often effective long-distance dispersers (Degen et al., 2005; Gálhidy, Mihók, Hagyó, Rajkai, & Standovár, 2006) or possess the ability to recruit from persistent soil seed banks (Naaf & Wulf, 2007) .
Soil disturbance can play an important role in the process of postdisturbance colonization, creating opportunities for ruderal species to colonize exposed mineral soils (Roberts & Gilliam, 2003; Pykälä, 2004) . On the other hand, the substantial post-disturbance expansion of residents in our study, which were significantly associated with 100% felling, can be attributed to their ability to reproduce vegetatively, as has been shown in Fourrier, Bouchard, and Pothier (2015) and Canullo et al. (2017) .
As expected, the magnitude of the changes in species composition was proportional to the felling intensity, which is consistent with earlier studies (e.g., Tonteri et al., 2016; Zenner et al., 2006) .
Two years after the disturbance, treated plots exhibited a distinct species assemblage compared to untreated plots, mainly due to the greater presence of non-forest species (e.g., Taraxacum officinale, Medicago lupulina, Lactuca serriola) and increased abundance of gap specialists (e.g., Atropa belladonna, Rubus idaeus, Cirsium spp.). The establishment of new plants is responsible for the shifts in community composition in canopy gaps. This seems to be a general pattern in temperate forests (e.g., Belote et al., 2012; Brunet et al., 1996; Burke et al., 2008) and was also confirmed in our study. Increased light, soil moisture and nutrient availability in gaps have been shown to be the main factors leading to a change in species composition following gap formation (Burton et al., 2014; Gálhidy et al., 2006) .
| Plant functional types along the felling intensity gradient
Our analyses demonstrated considerable variation in the response of PFTs. Many studies (e.g., Fornwalt et al., 2018; Roberts & Zhu, 2002; Zenner et al., 2006) have reported a substantial increase in graminoid cover after overstory removal in various forest types.
Most grasses can rapidly occupy the vacancies created by felling owing to their capacity for clonal propagation, seed production and early growth (Bailey, Mayrsohn, Doescher, St. Pierre, & Tappeiner, 1998; Liu & Bao, 2014) . In our study, the significant increase in graminoids was associated with both gap specialist species and mat-forming generalist sedge species, as was the case in the study of Burton et al. (2014) . Tree felling prominently enhanced the cover of tall perennial forbs. Tall forb communities are known to prosper on ruderal sites and are often found at forest edges and in open areas with greater light availability (Decocq et al., 2004; Ton & Krawchuk, 2016) .
Annuals and biennials have adapted to a high level of disturbance and are usually most abundant in early secondary succession in open environments (Aubin et al., 2007) . Several authors have linked silvicultural treatments with a higher abundance of short-lived forbs (Burton et al., 2014; Fornwalt et al., 2018; Zenner et al., 2006) . In our plots legumes were more likely to occur in canopy gaps where more open conditions prevailed. Bailey et al. (1998) found more legumes in thinned than in unthinned stands. Such species have a competitive advantage on disturbed sites due to their ability to fix nitrogen, but in turn they require additional mineral and light resources (Elliott, Harper, & Collins, 2011) .
Unlike disturbance-favoured PFTs, many ferns are shadetolerant and humidity-dependent species .
The response of the ferns in our study was not significant, which might be due to the differential responses of individual fern species within this functional type. Some ferns prefer more shaded habitats (e.g., Dryopteris spp.), while some are disturbance-dependent generalists and are able to exploit higher light availability, establishing from spores or expanding via rhizomes (e.g., Pteridium aquilinum) (Schumann et al., 2003) . Moreover, the life cycle of ferns (e.g., gametophyte stage) may result in a longer time to respond to the altered environmental conditions (reduced shading, increased temperatures) in felled plots.
| What happened to typical forest species?
Contrary to our predictions, most typical forest species responded with an increase in frequency and/or cover after felling. Changes in abundance implied that partial felling could be most beneficial for these species. This suggests their relatively high degree of resistance to the implemented treatments. Certain forest species are generalists with a relatively large ecological amplitude and are thus able to take advantage of increased resources (Degen et al., 2005) . Many studies have found similar trends (e.g., Brunet et al., 1996; Decocq et al., 2004; Falk et al., 2008; Fourrier et al., 2015) . In general, vascular plants have been shown to be more tolerant to forest management practices compared to other organisms such as epiphytic bryophytes and lichens, or even saproxylic insects, mycorrhizal fungi or invertebrates (de Groot et al., 2016; Tonteri et al., 2016; Verschuyl, Riffell, Miller, & Wigley, 2011) . However, our study only shows this in the near term. In the long term, it is possible that the abundance of typical forest species will decline with increases in the abundance of colonizers, shrubs and tree saplings. Some authors (e.g., Burke et al., 2008; Godefroid et al., 2005; Moola & Vasseur, 2004) have warned against intensive management, which can reduce the presence of forest-dependent species in post-disturbance communities.
The unique topographic features of karst sinkholes (concave shape) largely contributed to the short-term survival of typical forest species in the disturbed plots. Less sun-exposed sites (e.g., north-facing slopes) provided shelter for their growth. These species mainly persisted in moist and shady microhabitats (on coarse woody debris, between surface rocks). The results can also be partly explained by the short-term response tracked in this research,
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where larger species shifts, particularly for perennials, are less likely.
Furthermore, their significant year-to-year fluctuation in abundance and occurrence needs to be considered when interpreting such results (Falk et al., 2008; Jalonen & Vanha-Majamaa, 2001 ). As some responses may be delayed and take multiple growing seasons to become apparent, further sampling in the following years would provide a clearer picture.
| Potential management implications
Our analyses showed that the mean cover of woody plants significantly increased in partially felled plots. Although canopy gaps created by felling stimulated the presence of pioneer tree species (e.g., Salix caprea, Populus tremula), the overall abundance of woody plants decreased in the 100% felled plots. Several issues could explain this.
Firstly, this might be due to mechanical damage to seedlings and saplings during felling and skidding operations. Secondly, increased competition from positively responsive non-woody PFTs (graminoids, tall perennial forbs) after felling and the general increase in the cover of the herbaceous layer (Kutnar et al., 2015) could hinder the recovery of tree seedlings (Kelemen et al., 2012) . Thirdly, this is probably a function of the increased growth response of advance regeneration, i.e., tree saplings growing into the next canopy stratum (Zenner et al., 2006) . However, our results only reflect the immediate response; additional observations are therefore necessary to obtain more reliable information.
Our findings may have some basic implications for forest management. If the goal is to promote the abundance and diversity of early-successional species in understory communities, then partial (50%) or high intensity (100%) felling treatments would be recommended. The observed patterns suggest that felling treatments must substantially reduce overstory canopy cover to initiate a pronounced understory response. Partial felling proved to be an intermediate variant among the implemented management intensities, but this treatment changed species composition to a much lesser degree (e.g., lower rate of colonization) than clear-felling.
This might be due to the uniform pattern of retention, which only created small gaps. The response of understory vegetation would likely be different (stronger) if the spatial arrangement of the retained trees in the 50% felled plots was less uniform (e.g., aggregated retention). Nevertheless, the intensity of intermediate disturbance was still high enough to elicit compositional changes towards more disturbance-dependent taxa. In the context of understory vegetation conservation, partial reduction of canopy cover in the near term would also be beneficial for more forestdependent herbaceous plants and for the regeneration of woody species Tonteri et al., 2016) .
| CON CLUS I ON S
The results of the present study are important for a general understanding of how forest management influences forest understory communities shortly after disturbance. Regarding our hypotheses, the results suggest the following conclusions.
The direction of compositional change was similar for both active treatments, but 100% felling caused a much larger change in species composition than 50% felling, fully supporting the first hypothesis. The observed compositional shifts were driven by colonization of new species rather than the extirpation of extant species.
Contrary to our second hypothesis, many typical forest species exhibited an increase in frequency and abundance, whereas only a few of these species showed a decline in the most intensive felling treatment. This resistance of resident forest species largely contributes to the short-term compositional stability of the understory vegetation in the studied Illyrian beech forests.
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